Chromosome transmission fidelity factor, Ctf4 in S. cerevisiae associates with replication fork 15 and helps in the sister chromatid cohesion. At the replication fork, Ctf4 links DNA helicase with 16 the DNA polymerase. The absence of Ctf4 invokes replication checkpoint in the cells. The Saf1 17 of S.cerevisiae interacts with Skp1 of SCF-E3 ligase though F box-motif and ubiquitinates the 18 adenine deaminase Aah1 during phase transition due to nutrient stress. The genetic interaction 19 between the CTF4 and SAF1 has not been studied. Here we report genetic interaction between 20 2 CTF4 and SAF1 which impacts the growth fitness and response to stress. The single and double 21 gene deletions of SAF1 and CTF4 were constructed in the BY4741 genetic background. The 22 strains were tested for growth on rich media and media containing stress causing agents. The 23 saf1Δctf4Δ cells with reduced cell size showed the fastest growth phenotype on YPD medium 24 when compared with the saf1Δ, ctf4Δ, and WT. The saf1Δctf4Δ cells also showed the tolerance to 25 MMS, NaCl, Glycerol, SDS, Calcofluor white, H 2 O 2 , DMSO, Benomyl, and Nocodazole when 26 compared with the saf1Δ, ctf4Δ, and WT cells. However, saf1Δctf4Δ cells showed the sensitivity 27 to HU when compared with WT and saf1Δ. Based on these observations we suggest that SAF1 28 and CTF4 interact genetically to regulate the cell size, growth and stress response. 29
protein called Pof3, which belongs to SCF ubiquitin ligase complex. The mutant cells of pof3+ 67 or mcl1+ showed accumulation of DNA damage and activation of DNA damage pathway 68 (MAMNUN et al. 2006 ). ctf4 mutant showed sensitivity to DNA damaging agents such as 69 hydroxyurea (HU), phleomycin, camptothecin, and methyl methane sulfonate (MMS) similar to 70 rad52 mutant suggesting a role of Ctf4 in recombination repair (OGIWARA et al. 2007) . 71 Genome wide genetic interaction studies reported CTF4 as hub which exhibits both positive and 
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Here we report the binary genetic interaction between F box motif encoding gene SAF1 80 and CTF4. Double deletion of SAF1 and CTF4 together leads to reduction in cell size, faster 81 growth rate, and tolerance to wide range of stress causing agents except hydroxyurea in 82 comparison to single gene mutant or WT.
83

EXPERIMENTAL PROCEDURES
84
Yeast strains and plasmids -The yeast strains and their genotype used in this study are 85 mentioned in (Table 1) . The lists of plasmids used are mentioned Table 2. The ORF 86 replacement was carried out as mentioned (LONGTINE et al. 1998 ).
87
Growth Assay -Growth assessment of the WT and mutant strains on solid media was carried out 88 by streaking on the YPD agar plates followed by incubation at 30°C for 2-3 days. For growth 89 assessment of WT and mutants in the YPD broth, strains were grown for 14 hrs and optical 90 density was measured every 2 hrs of interval at 600nm using TOSHVIN UV-800 SHIMADZU 91 spectrophotometer. The OD values of three independent replicates of each culture were taken 92 and average was plotted against time for growth curve. reporter strain) and the deletion derivatives saf1Δ, ctf4Δ and saf1Δctf4Δ were inoculated into 10 131 ml YPD broth and grown overnight at 30°C. The overnight grown cultures were again inoculated 132 in 5 ml YPD at 1:1000 ratios. The cultures were allowed to grow up to saturation point (144hrs) 133 at 20°C. The saturated culture was serially diluted and plated on minimal media (SD/Hisplates) 134 followed by incubation at 30°C for 3-7 days. The frequency of appearance of HIS + colonies was 135 measured for Ty1 retro-mobility.
136
Statistical methods-The significance of retro-mobility was determined using paired student t-137 test. P-value less than 0.05 indicated as significant. medium. We observed that saf1∆ and ctf4∆ showed slow growth in comparison to WT.
138
RESULTS
139
Absence of both the genes SAF1 and CTF4 together leads to reduced cell size and faster
149
However, saf1∆ ctf4∆ showed the fastest growth phenotype in comparison to WT, saf1∆ and 150 ctf4∆ cells (Figure 1 A, C) . The image comparison between WT, saf1∆, ctf4∆, saf1∆ctf4∆ 151 showed an enlargement of cell size in case of ctf4∆ (Figure 1 B, Figure 2 ) In contrast, saf1∆ 152 ctf4∆ cells showed reduced cell size in comparison to WT, saf1∆ and ctf4∆ ( Figure 1 agents have been used for screening of mutant as hypersensitive or resistance using spot assay.
We wished to study the cellular growth response of WT and mutants (saf1∆, ctf4∆, and 176 saf1∆ctf4∆) in the presence of 30µg/ml of Calcofluor white and 0.0075% SDS. Spot assay was 177 carried out to observe the cellular growth response in presence of the stress-causing agents. We 178 observed that WT, saf1∆ cells showed tolerance to Calcofluor white, whereas saf1∆ctf4∆ showed 179 slight sensitivity when compared with WT and saf1∆ cells. The ctf4∆ showed extreme sensitive 180 phenotype the Calcofluor white ( Figure 4B) . Earlier studies reported ctf4∆ cells sensitive to 181 Calcofluor white (ANDO et al. 2007 ). The comparative image analysis of mutants showed the 182 altered chitin distribution ( Figure 4A) . The cellular growth response of mutants in presence of 183 SDS showed double mutant saf1∆ctf4∆ tolerant whereas WT, saf1∆, ctf4∆ sensitive ( Figure 4C) . 184 It would be interesting to investigate the cell wall structure in saf1∆ctf4∆ cells to understand the 185 mechanism of Calcofluor white and SDS tolerance. inducing agent. Here we wished to study the cellular growth response of WT and mutants (saf1∆, 200 ctf4∆, and saf1∆ctf4∆) in the presence of 8% DMSO and 2mM hydrogen peroxide. We observed 201 that WT, saf1∆, ctf4∆ showed extreme sensitivity to DMSO. However saf1∆ctf4∆ showed 202 resistance to DMSO (Figure 5A) . Incase exposure to H2O2 oxidative stress , saf1∆ctf4∆ cells 203 showed tolerance in comparison to WT, saf1∆ and ctf4∆ (Figure 5B) . To understand the 204 mechanism of tolerance to oxidative stress (DMSO and H 2 O 2) in saf1∆ctf4∆ mutant needs further 205 investigation. The tolerance of high concentration of glycerol by yeast is important for biotechnological 213 applications. S. cerevisiae has been a great model for understanding mechanism of salt stress.
186
Absence of SAF1 and CTF4 together leads to oxidative stress tolerance caused by DMSO
206
Absence of SAF1 and CTF4 together leads to Osmotic stress tolerance caused by Glycerol
214
When yeast cells exposed to saline stress they face both osmotic stress and cation toxicity. We 215 investigated the cellular growth response of WT and mutants (saf1∆, ctf4∆, and saf1∆ctf4∆) in 216 presence of 4% glycerol and 1.4M NaCl. We found that WT, saf1∆, ctf4∆ showed slight 217 sensitivity. However saf1∆ctf4∆ showed resistance to 4% glycerol (Figure 6A) . In case of salt 218 stress, WT, saf1∆, ctf4∆ failed to grow in presence of 1.4 M NaCl however saf1∆ctf4∆ showed 219 robust growth (Figure 6B) . The mechanism of salt stress tolerance due to SAF1, CTF4 ablation 220 needs further investigation. Nocodazole. We observed that WT, saf1∆, ctf4∆ showed sensitivity to benomyl and Nocodazole.
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In contrast, saf1∆ctf4∆ showed the resistance (Figure 7A and 8A) to both the drugs. The image 231 analysis of the cells exposed to the both the drugs showed characteristic elongated buds, in WT 232 and single gene mutants (WT, saf1∆, ctf4∆) however, the double mutant (saf1∆ctf4∆) cells 233 failed to show the elongated bud (Figure 7B and 8B) . Here we observed that saf1∆ (upto 8-10 fold) and ctf4∆, (nearly 75 fold) showed increase in the 242 Ty1 retro-transposition in comparison to WT (Figure 9A, B) , however saf1∆ctf4∆ showed, 150 243 fold increase in the Ty1 retro-transposition ( Figure 9A, B) . These observations indicate that 244 SAF1 and CTF4 requires for suppression of Ty1 retro-transposition.
245
Discussion
246
Here, we have investigated genetic interaction between the SAF1 and replication fork associated 247 factor CTF4. The binary genetic interactions studies helps in understanding the roles of 248 individual genes in the compensatory pathways, which regulates the biological processes. This 249 understanding helps in building of gene networks for system biology applications. In this work, 250 we discovered positive genetic interaction between SAF1 and CTF4 genes, which regulates the 251 growth fitness, and cell size in the S. cerevisiae. We also show that cells lacking both the genes, 252 tolerates wide range of stressor such as DMSO, H2O2, SDS, Calcofluor white, Glycerol, NaCl, 253 MMS, Nocodazole, and Benomyl, the only stress causing agent which cell did not tolerate 254 well was hydroxyurea. Our data revealed that both the genes work in compensatory pathway.
255
The SAF1 showed synthetic growth defect with HSP82, HSC82 (MCCLELLAN et al. Here we discovered that SAF1 deletion rescued the growth defects of cells lacking the CTF4. interesting to investigate into the contribution of hCTF4/AND1 and HERC2 for metastatic 286 potential and drug resistance in the cancer cell lines or tumours. We also suggest that an 287 investigation may be undertaken to understand the mechanism of drug resistance and whereas the saf1∆ctf4∆ showed resistance in comparison to ctf4∆. C The ctf4∆ cells showed 489 extreme sensitivity to SDS whereas the saf1∆ctf4∆ cells showed resistance in comparison to WT, 490 saf1∆ and ctf4∆ alone. 
